
What is claimed is: 

1. 	Use of (1) a compound of formula I or a pharmaceutically acceptable salt the 	of; (2) a 

composition comprising a compound of formula I or a salt thereof, and a c rier or (3) a 

pharmaceutically acceptable composition comprising a compound of fo 	ula I or a 

pharmaceutically acceptable salt thereof, and a pharmaceutically acc- .table carrier: 

formula (I): 

(R3)n R, 	 0 L, 	X 	D,
S,  

// 
"•---- 

11 	DI, 2 0 
Y 

0 	 (I) 

or a pharmaceutically acceptable salt thereof, wherein: 

W, X, Y and Z are each independently selected fr. , CH or N; 

D and D I  are independently selected from a bo 	or NRb; 

A is optionally substituted aryl or optionally 	bstituted heteroaryl; 

L is a bond, -C(0)-, -(CReRe)m-, -0C(0)- 	CReRe)m-OC(0)-, -(CReRe)in-C(0)-, - 

NRbC(S)-, or -NRbC(0)- (wherein the point of 	e attachment to RI  is on the left-hand side); 
1 R is selected from alkyl, cycloalkyl, 	1, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 

each R3  is independently select- 	from halo, haloalkyl, alkyl, hydroxyl and -0Ra, or two 

adjacent R3  taken together with the c rbon atoms to which they are attached form an optionally 

substituted cyclyl; 

each Ra  is independentl, selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb  is independe ly selected from hydrogen and alkyl; 

each Re  is indepe 	ently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or 

two Re  taken together 	th the carbon atoms to which they are attached form an optionally 

substituted cvcloalk 	; 
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cyano, 

each Rd  is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, 	tro, 

hydroxyl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb  and —OW, Or two Rd  to 	n together 

with the carbon atoms to which they are attached form an optionally substituted hete 	cyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2, 

in the manufacture of a medicament for activating PKR in red 	ood cells (RBCs). 

2.  The use of claim 1, wherein the pharmaceutical compositio 	s to be administered to a subject 

suffering from pyruvate kinase deficiency. 

3.  The use of claim 1, wherein the lifetime of the red bill ,d cells is increased. 

4.  Use of (1) a compound of foiinula I or a pharmaceu y cally acceptable salt thereof; (2) a 

composition comprising a compound of formula 	or a salt thereof, and a carrier or (3) a 

pharmaceutically acceptable composition compfising a compound of formula I or a 

pharmaceutically acceptable salt thereof, anp  a pharmaceutically acceptable carrier; wherein 

formula I is as defined in claim 1, in the manufacture of a medicament for regulating 2,3- 

diphosphoglycerate levels in blood in 	eed thereof, wherein the medicament is formulated for 

administration to a subject in need 	ereof. 

5.  Use of (1) a compound of formu 	I or a pharmaceutically acceptable salt thereof; or (2) a 

pharmaceutically acceptable c 	I position comprising a compound of formula I or a 

pharmaceutically acceptabl 	salt thereof; and a. pharmaceutically acceptable carrier; wherein 

formula I is as defined 	laim 1, in the manufacture of a medicament for treating hereditary 

non-spherocytic hemp; 	c anemia, wherein the medicament is formulated for administration 

to a subject in need 	ereof. 

6.  Use of (1) a co 	ound of formula I or a phamiaceutically acceptable salt thereof; or (2) a 

pharmaceutic ly acceptable composition comprising a compound of forniula I or a 

pharmace 	cally acceptable salt thereof, and a pharmaceutically acceptable carrier; 

where' 	formula I is as defined in claim 1, in the manufacture of a medicament for 

treat ;,'g sickle cell anemia, wherein the medicament is formulated for administration to a 

s eject in need thereof. 

7.  se of (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2) a 

pharmaceutical composition comprising a compound of formula I or a pharmaceutically 
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acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein formula I 	as 

defined in claim 1, in the manufacture of a medicament for treating thalassemia; 

hereditary spherocytosis; hereditary elliptocytosis; abetalipoproteinemia or Bas 	- 

Kornzweig syndrome; paroxysmal nocturnal hemoglobinuria; acquired hemo, 	is 

anemia, e.g., congenital anemias; or anemia of chronic diseases, wherein 	e medicament 

is formulated for administration to a subject in need thereof. 

8. 	The use of any one of claims 1 to 7, wherein the compound is repres nted by formula (I): 

(R3), 
R1,

1_, 	 0 X>---D.,S// 
W 	''', 

gi 	Di 
-, Z 	Li 	' A 

Y 

(I) 

wherein: 

W, X, Y and Z are each independently selected fro 	CH or N; 

D and D1  are independently selected from a bo 	or NRb; 

A is optionally substituted bicyclic heteroary 

L is a bond, -C(0)-, -(CIeRe)„,-, -0C(0) 	(CRele)m-OC(0)-, -(Clele)m-C(0)-, - 

NRbC(S)-, or -NRbC(0)- (wherein the point of ie attachment to RI  is on the left-hand side); 

R1  is selected from alkyl, cycloalky 	aryl, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 

each R3  is independently selec d from halo, haloalkyl, alkyl, hydroxyl and -0Ra  or two 

adjacent R3  taken together with the arbon atoms to which they are attached foini an optionally 

substituted cyclyl; 

each Ra  is independe 	y selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb  is indepen 	ntly selected from hydrogen and alkyl; 

each Rc  is indepf dently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or 

two Rc taken togethe 'with the carbon atoms to which they are attached form an optionally 

substituted cycloa 	yl; 

each R 	s independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro, 

cyano, hydr 	yl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb  and —0Ra, or two Rd  taken 

together 	ith the carbon atoms to which they are attached form an optionally substituted 

heter• yclyl; 
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n is 

m is 

0, 1, 

1, 2 

or 2;  

or 3;  

h is 0, 1, 2; and 

g is 0, 1 or 2. 

9.  The use of claim 8, wherein h is 1 and g is 1. 

10.  The use of claim 8, wherein W, X, Y and Z are CH. 

11.  The use of claim 8, wherein D is NRb  and DI  is a bond. 

12.  The use of claim 11, wherein Rb  is H, methyl or ethyl. 

13.  The use of claim 8, wherein L is a bond, —(CReRe),,,-, - N 	C(0)-,—(CR'Re)„,-C(0)-, - 

C(0)-, or -0(C0)-. 

14.  The use of claim 13, wherein L is a bond and RI  is al 	1, aryl or heteroaryl substituted 

with 0-5 occurrences of le. 

15.  The use of claim 13, wherein L is —(CRAtc)„,- a! i R is cycloalkyl, aryl, beteroaryl or 

heterocyclyl substituted with 0-5 occurrence 	f Rd. 

16.  The use of claim 13, wherein L is —NRbC 	-, le is hydrogen and Rz  is aryl substituted 

with 0-5 occurrences of Rd. 

17.  The use of claim 13, wherein L is —(f ' cRe)m-C(0)- and RI  is cycloalkyl, aryl or 

heteroaryl substituted with 0-5 oc 	rrencs of Rd. 

18.  The use of claim 13, wherein L 	-C(0)- and RI  is aryl, alkyl, or heteroaryl substituted 

with 0-5 occurrencs of Rd. 

19.  The use of claim 13, wherein L is —0C(0)- and RI  is alkyl, aryl or heterocyclyl . 
substituted with 0-5 oc• 	ences of Rd. 

20.  The use of claim 13, rherein L is —(CReR.c),„-OC(0)- and RI  is heterocyclyl or cycloalkyl 

substituted with 0 	occurrences of Rd. 

21.  The use of cl. ., 8, wherein n is O. 

22.  The use of 	aim 8, wherein n is 1 and R3  is CH3, CH2CH3, OCH3, OCH2CH3, OH, F, Cl, 

or CF3. 

23.  The us of any one of claims 1 to 7, wherein the compound is represented by foimula 
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R1  ̀ L, 

24. The use of claim 23, wherein A is 

25. The use of claim 23, wherein A is 

26. The use of any one of claims 1-7, 
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(- 	R3 N 	5) 
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H 

0 

wherein 

0 

	

N 	0  !/' 
N 	 ,„S 
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la 	0 

N
H 

N 
	41101 

CH3  
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and 

0 

'N 
:/ (1101 	0 
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0
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S 

0 	 H 
0 	 N 
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27. 	The use of any one of claims 1 o 4 or a pharmaceutically acceptable salt 

the compound is selected from: 

H 	0 	N -- 
N, // 	

H 	0 
0 	,,,,----N'Th 	

• 

	, 
C1 	

, ,, 

N  '`.'- 	L'''"'N1 	
0 	N 

5 	 5 

H 	 H 	40
',., N 

P 	
CI 	..diL,. 	N, 

/o 
0 0 N 	0 	 0 

,S , 
N ip 	"0 	,.- 

0 

1, 	40 	 NH_ 	le 
/ 	,,‘,. 40 	,,„ 

0 0 N 	0 	0 0 

CI 
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28. The use of any one, f claims 1 to 4, wherein the compound is selected from: 

H p Ni 

1.1 	t.,,,„ N 	 e 	110 

. 

29. The u of any one of claims Ito 4, wherein the compound is selected from: 

H 	Si 
N, 

in.-'  "'... N.--„, 	40 	„s, 
N 	0 

,
0 	N 

O 
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30.  The use of any one of claims 1 to 4, wherein the compound is selected from: 

0 
H 	40 
N , 

0 
,,, 

0 N 

O 

31.  The use of any one of claims 1 to 4, wherein the compound is select • from: 

40 Ci 	NH  
,s . „. 

c, 	10 	—0 N ,..-- 

0 

32.  The use of any one of claims ..1 to 4, wherein the compou• a is selected from: 

H 
N , p,so  a

l 
 0 

d

O  

33.  The use of any one of claims 1 to 4, wherein t e compound is selected from: 

F  40 

	

NH, 	1110 
,,„ 

	

0 	0 	N.,... 

34.  The use of any one of claims 1 wherein the compound is selected from: 

H 	401  
ii 6 0 

61 O 

35.  The use of any one of aims 1 to 4, wherein the compound is selected from: 

CI 40 
NH, 

s 
 411 40 cr 0 N  

36.  The use o any one of claims 1 to 4, wherein the compound is selected from: 
F 

N
H 	is 

1101 3 401 6 
0 

37.  The use of any one of claims 1 to 4, wherein the compound is selected from: 
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38.  The use of any one of claims 1 to 4, wherein the compound is selected from: 
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-----, 
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39.  The use of any one of claims 1 to 4, wherein the compound is se =cted from: 
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40.  The use of any one of claims 1 to 4, wherein the co 	ound is selected from: 
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41.  The use of any one of claims 1 to 4, wh 	em the compound is selected from: 

F 

40 N 
It 	SI io 	,„ 0 

N N 	
F 

42.  The use of any one of claim to 4, wherein the compound is selected from: 

10 
H 
N, 40 3 40 A 
F 

CI O .  

43.  The use of any 	e of claims 1 to 4, wherein the compound is selected from: 
•-•"--,-.. 

H 	I 
-'...-N N,K--...i 

,̀......7 0 0 N 

O 

44. The se of any one of claims 1 to 4, wherein the compound is selected from: 
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45. The use of any one of claims 1 to 4, wherein 

NJ, '''. 	ON 

the compound 

0  N , 

is selected fr.,  

46. The use of any one of claims 1 to 4, wherein the compound is elected from: 

(orN

oN 

 0  0, 0 
dp,,0 
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47. The use of any one of claims 1 to 4, wherein the c• I pound is selected from: 

- 40 0-"N"--1 
L.,,, N 0 	0 	N 	......- 

O 

48. The use of any one of claims 1 to 4, 	therein the compound is selected from: 

N;s io
, 

CI 	
11101 	0"0 N  ,,, 

49. The use of any one of c1 s 1 to 4, wherein the compound is selected from: 

c------ Nal  NH 	op 
0 	N 

50. The use of a one of claims 1 to 4, wherein the compound is selected from: 

Nom'' 
0 	N 

0  NH 	olti 
N 



What is claimed is 

1. 

	

	Use of a compound in the manufacture of a medicament for increasing the lifetime of red 

blood cells (RBCs) comprising contacting blood with an effective amount of (1) a 

compound of formula I or a pharmaceutically acceptable salt thereof; (2) a 

pharmaceutically acceptable composition comprising a compound of foimula I or a 

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier, 

(R3) 
X 	D, /1 

W 	S0
LN 

 
DMA z 	0 	ink 

Y 
9 

(I) 

wherein: 

W, X, Y and Z are each independently selected from CH or N; 

D and D1  are independently selected from a bond or NRb; 

A is optionally substituted aryl or optionally substituted heteroaryl; 

L is a bond, -C(0)-, -(CRele),„-, -0C(0)-, -(CReRe).-0C(0)-, -(CReR`).-C(0)-, - 

NRbC(S)-, or -NRbC(0)- (wherein the point of the attachment to RI  is on the left-hand side); 

R1  is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 

each R3  is independently selected from halo, haloalkyl, alkyl, hydroxyl and -0Ra, or two 

adjacent R3  taken together with the carbon atoms to which they are attached form an optionally 

substituted cyclyl; 

each Ra  is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each Rb  is independently selected from hydrogen and alkyl; 

each Re  is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or 

two Re  taken together with the carbon atoms to which they are attached form an optionally 

substituted cycloalkyl; 

each Rd  is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, intro, 

cyano, hydroxyl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb  and —0Ra, or two Rd  taken together 

with the carbon atoms to which they are attached form an optionally substituted heterocyclyl; 

n is 0, 1, or 2; 
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m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2. 

2.  The use of claim 1, wherein the compound of formula I or a pharmaceutically acceptable 

salt thereof, or the pharmaceutically acceptable composition comprising a compound of 

formula I or a pharmaceutically acceptable salt thereof, and a pharmaceutically 

acceptable carrier is to be administered to a subject suffering from pyruvate kinase 

deficiency. 

3.  The use of claim 1, wherein the lifetime of the red blood cells is increased. 

4.  Use of a compound in the manufacture of a medicament for reducing 2,3-

diphosphoglycerate (2,3 -DPG) levels or preventing an increase in 2,3-DPG levels in 

blood comprising contacting blood with an effective amount of (1) a compound of 

formula I or a pharmaceutically acceptable salt thereof; (2) a pharmaceutically acceptable 

composition comprising a compound of formula I or a pharmaceutically acceptable salt 

thereof, and a pharmaceutically acceptable carrier; wherein formula I is as defined in claim 

1, and wherein the medicament is formulated for administration to a subject in need thereof. 

5.  Use of a compound in the manufacture of a medicament for treating hemolytic anemia 

comprising (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2) 

a pharmaceutically acceptable composition comprising a compound of formula I or a 

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein 

formula I is as defined in claim 1, and wherein the medicament is formulated for 

administration to a subject in need thereof. 

6.  The use according to claim 5, wherein the hemolytic anemia is hereditary non-

spherocytic hemolytic anemia. 

7.  Use of a compound in the manufacture of a medicament for treating pyruvate kinase 

deficiency (PKD) in a subject comprising (1) a compound of formula I or a 

pharmaceutically acceptable salt thereof; or (2) a pharmaceutically acceptable 

composition comprising a compound of formula I or a pharmaceutically acceptable salt 

thereof; and a pharmaceutically acceptable carrier; wherein formula I is as defined in 

claim 1, and wherein the medicament is formulated for administration to a subject in need 

thereof. 
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8. Use of a compound in the manufacture of a medicament for treating sickle cell anemia 

comprising (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2) 

a pharmaceutically acceptable composition comprising a compound of formula I or a 

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier; 

wherein formula I is as defined in claim 1, and wherein the medicament is formulated for 

administration to a subject in need thereof. 

9. Use of a compound in the manufacture of a medicament for treating thalassemia, e.g., 

beta-thalassemia; hereditary spherocytosis; hereditary elliptocytosis; 

abetalipoproteinemia or Bassen-Kornzweig syndrome; paroxysmal nocturnal 

hemoglobinuria; acquired hemolytic anemia, e.g., congenital anemias, e.g., 

enzymopathies; or anemia of chronic diseases comprising (1) a compound of formula I 

or a pharmaceutically acceptable salt thereof; or (2) a pharmaceutical composition 

comprising a compound of formula I or a pharmaceutically acceptable salt thereof, and a 

pharmaceutically acceptable carrier; wherein formula I is as defined in claim 1, and 

wherein the medicament is formulated for administration to a subject in need thereof. 

10. The use of any one of claims 1 to 9, wherein the compound is represented by formula (I), 

wherein: 

(R3), 
0 D, * 

S. 

	

ii 	D1  
, 	0 	'",o, 

0 	 (I) 

W, X, Y and Z are each independently selected from CH or N; 

D and DI  are independently selected from a bond or. NRb; 

A is optionally substituted bicyclic heteroaryl; 

L is a bond, -C(0)-, -(CReRe),„-, -0C(0)-, -(CReRe)„,-0C(0)-, -(CRcRe)m-C(0)-, - 

NRbC(S)-, or -NRbC(0)- (wherein the point of the attachment to R1  is on the left-hand side); 

RI  is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is 

substituted with 0-5 occurrences of Rd; 

each R3  is independently selected from halo, haloalkyl, alkyl, hydroxyl and -0Ra  or two 

adjacent R3  taken together with the carbon atoms to which they are attached form an optionally 

substituted cyclyl; 
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each Ra  is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl; 

each le is independently selected from hydrogen and alkyl; 

each Re  is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or 

two Re  taken together with the carbon atoms to which they are attached form an optionally 

substituted cycloalkyl; 

each Rd  is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro, 

cyano, hydroxyl, -C(0)Ra, -0C(0)Ra, -C(0)0Ra, -SRa, -NRaRb  and —0Ra, or two Rd  taken 

together with the carbon atoms to which they are attached form an optionally substituted 

heterocyclyl; 

n is 0, 1, or 2; 

m is 1, 2 or 3; 

h is 0, 1, 2; and 

g is 0, 1 or 2. 

11. The use of claim 10, wherein h is 1 and g is 1. 

12. The use of claim 10, wherein W, X, Y and Z are CH. 

13. The use of claim 10, wherein D is NRb  and D1  is a bond. 

14. The use of claim 13, wherein Rb  is H, methyl or ethyl. 

15. The use of claim 10, wherein L is a bond, —(CleRe),„-, - NRbC(0)-,—(CReRe)„,-C(0)-, - 

C(0)-, or -0(C0)-. 

16. The use of claim 15, wherein L is a bond and RI  is alkyl, aryl or heteroaryl substituted 

with 0-5 occurrences of Rd. 

17. The use of claim 15, wherein L is —(CReRe),„- and RI  is cycloalkyl, aryl, heteroaryl or 

heterocyclyl substituted with 0-5 occurrences of Rd. 

18. The use of claim 15, wherein L is —NRbC(0)-, le is hydrogen and RI  is aryl substituted 

with 0-5 occurrences of Rd. 

19. The use of claim 15, wherein L is —(CReRe),1-C(0)- and RI  is cycloalkyl, aryl or 

heteroaryl substituted with 0-5 occurrencs of Rd. 

20. The use of claim 15, wherein L is -C(0)- and R1  is aryl, alkyl, or heteroaryl substituted 

with 0-5 occurrencs of Rd. 

21. The use of claim 15, wherein L is —0C(0)- and RI  is alkyl, aryl or heterocyclyl 

substituted with 0-5 occurrences of Rd. 

43 



22.  The use of claim 15, wherein L is —(CR'Re)„,-0C(0)- and R1  is heterocyclyl or cycloalkyl 

substituted with 0-5 occurrences of Rd. 

23.  The use of claim 10, wherein n is 0. 

24.  The use of claim 

Cl, or CF3. 

10, wherein n is 1 and R3  is CH3, CH2CH3, OCH3, OCH2CH3, OH, F, 

25.  The use of any one of claims 

(Id): 

1 to 9, wherein the compound is represented by formula 

R3  Rb 
R.

N 
 
L , ' 	0 R3 	., 	N „i/ 

g 

'''''Iy.  , o „A  
0/  

0 	 (Id). 

26.  The use of claim 25, wherein A is optionally substituted quinolinyl. 

11 

27.  The use of claim 25, wherein A is N " 

28.  The use of any one of claims 1 to 9, wherein the compound is selected from: 

0 

CH3 H3C,
0 N 0 0 IC Y 

0  Nom/  
N

HS 
 

H 
Si 

Br 

O 

H3C, 
0 

0  N 

N 	40 0 

N" 
H 

S 

0 F 

op 
F 
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29. 	The use of any one of claims 1 to 9 or a pharmaceutically 
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30.  The use of any one of claims 1 to 9, wherein the compound is selected from: 
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35.  The use of any one of claims 1 to 9, wherein the compound is selected from: 
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37.  The use of any one of claims 1 to 9, wherein the compound is selected from: 
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45. The use of any one of claims 1 to 9, wherein the compound is selected from: 
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